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Introduction
The high-speed information and knowledge development of our current society makes the use of electronic resources and devices an essential skill for the medical profession (1) for both learning and updating medical knowledge (2) (3) (4) (5) . In the last two decades, medical students have to consult thousands of scientific articles as sources of new knowledge (6, 7) .
As a consequence, there is a growing interest in information and communication technologies (ICT) skills during student's basic and clinical training (8) . In this regard, Samuel and colleagues in Tanzania (6) reported a perception of inferior performance compared to other students of medical schools from developed countries; the 92 students surveyed attributed that perception to the lack of ICT, mainly personal computers. A similar study in Malaysia (9) , where the students had reported that 53% of their students claimed to use them for educational purposes with varying times, half of the students used computers between 1-2 hours, 6.5% between 3-6 hours, and 3.4% more than 6 hours per day. However, none of the authors explored the use of these technologies as a means of accessing medical information. Other authors such as Hye Won Jang and Kyong-Jee Kim (10) have assessed the use of videos as an ICT learning strategy; the authors evaluated the impact of a series of videos designed to respond favorably to the Objective Structured Clinical Examination (OSCE) among students from 34 Korean universities. After watching videos, they answered an exam and requested their opinion on its usefulness to solve the examination. Almost all the students who answered the survey (91.9%) agreed with the usefulness of the videos. It is relevant to mention that one-third of the participants watched the videos on mobile devices and considered it the most accessible way to do so. However, they also pointed out the difficulty of interacting with these devices and software. More recently, improved applications for clinical practice of both physicians and medical students have been developed for computers as well as mobile devices.
In 2014, Boruff and Storie (11) evaluated the appropriateness of Canadian libraries to facilitate the interaction between the members of their universities, students and teachers, with the availability and accessibility of information collections. In general, they found that doctors, both in training and teachers, had no problem accessing collections but ignored the most reliable sources of information and had limited access to quality or authenticated databases.
Despite the high frequency of access to medical information and communication technologies, there are no studies in Mexico regarding the use of these tools by medical students.
In contrast to other studies that focused on basic applications of computers or on the distraction generated by this type of technology (12) (13) (14) (15) , the aim of our study was to analyze the specific use of information and communication technologies as learning tools in medical education, eliminating factors such as its use for entertainment or distraction, or internet accessibility (Wifi) in school or at the hospital.
Materials and methods
An observational, cross-sectional, descriptive, and prospective study was carried out during the period of January to March 2016. We invited medical students from our private medical school to participate in the study. Since all students had mobile devices, we created a survey using an online platform (https://www.surveymonkey.com/). Students enrolled in the sixth year of medical school were not eligible for this study as they move to rural areas to complete their social service assignments, where access to the Internet is limited or absent.
Questionnaire construction. The questionnaire consisted of 36 Open-ended and Multiplechoice questions divided into three sections: general information, information technology in the school, and information technology in the hospitals (4, 22, and 10 questions, respectively) (Online Resource 1; available at https://osf.io/tnx4d/). Finally, the mandatory thirty-sixth question referred to the informed consent for the research use of the information provided by each participant. Some questions allowed more than one answer. The questionnaire was constructed for our purposes, considering some questions from similar surveys conducted in other countries (11, (15) (16) (17) . Three professors not involved in the project reviewed the clarity and content of the questionnaire. We sent the questionnaire through an online survey management system using the institutional e-mails from all the students enrolled in the school year of 2016 (n= 180). From the invitation date, the page remained open for two months and only accepted one response per device; participants were able to make changes at any time. To encourage participation, we informed on the importance of the study and reported the response rate of each school grade for motivation.
Statistical analysis. The information was collected directly to a database available in the same software and transferred to a commercial database for further analysis. At all times, the anonymity of the participants was protected by requesting only information on age, gender, and scholar year. We ensured one-time participation by restricting access by the device IP (internet protocol) address. For each of the qualitative variables, the findings were summarized in frequencies and percentages. To maintain anonymity, we analyze the data by scholar year and place of academic activities. The mean and its standard deviation were obtained for the qualitative variables. To identify statistical differences in means we used a parametric test (Student's t-test), and chi-square test for proportions, considering significant differences with a p-value less than 0.05.
Results
All eligible medical students enrolled in 2016 (n=180) participated in the online survey.
The distribution of participants, according to the school year ( Table 1) . We had a higher number of students in the second and fourth years and lower numbers in the first and fifth years of medical school. The mean age for both men and women was 21 years old, with no differences between school years.
Use of electronic devices for information and communication technology:
All students reported owning at least one type of electronic device. All of them had a smartphone, 82.8% (149/180) a laptop, and 98% an electronic tablet.
Use of information technology: 95% of medical students reported using their devices for learning purposes (improving comprehension, memory, and school performance), while only 5% did not use their devices for those purposes. Due to the observed similarity by gender (p = 0.77; Table 1 ), the use of ICTs was compared only by the school year and according to the places where they attended classes. Table 2 shows the use of electronic devices on campus, according to the school year. Our data revealed that the primary use of laptops and tablets was taking notes, especially in the first four school years, followed by tablets or phones for reading medical articles or e-books (> 80% of students), regardless of the school year. The search for information on drugs and medical update platforms increased from the second school year. Inquiry of medical practice guidelines was more common among third-and fourth-year medical students (clinical courses), followed by searches for differential diagnoses. Likewise, there was an increase in the use of medical calculator applications for clinical conditions, which were rarely used in the first two years, but not in the last three years. Finally, about 50% of the students reported using ICTs as a means of communication within the university campus.
The use of electronic devices in hospitals was also analyzed and revealed that the primary purpose was to search for medical online calculation platforms (Table 3 ). This use increased significantly over the scholar years. Also, they used ICTs for reading articles or books, mainly in the last two scholarly years. Taking notes with electronic devices increased in the third and fourth years, and sharply reduced in the fifth year (medical internship). The search for drug information, although remaining high (> 66%), was no longer as high as in the time spent in the university campus (> 90%). Searches for clinical practice guidelines were higher in advanced school years, especially when internet access was available at the hospitals. The communication's use of electronic devices remained stable over the years and in equal proportion as when they were in or outside the university campus. Table 4 summarizes the proportion of students who invested less than 24 hours, from 24 to 72 hours, and more than 72 hours per week in learning with the support of their electronic devices. Except for thirdyear students, they usually accessed their devices for less than 24 hours per week, especially during the fifth year. In their third school year, just over half of the students used their devices between 24 to 72 hours. A duration above 72 hours was observed in fourthyear students, although the difference was not statistically significant.
Duration of use of electronic devices for educational purposes:

Barriers to the use of electronic devices:
The barriers were different for the university campus and the hospital headquarters (Table 5 ). Students mentioned that the main obstacles in the university campus were the instability of the internet connection, followed by the lack of authorization from the professors, being in areas where there was no network signal, or did not have access (password permission), as well as the lack of time for their consultation. All of the students (180/180) referred to difficulties in the use of electronic devices at the university campus. On the other hand, the limitations of using electronic devices in hospitals were the absence of internet access or the refusal of the authorities to provide the access codes and the non-authorization by the professors. Other less mentioned restrictions were that they were unaware of the resources or how to access them, the little time available, and connection instability. The least common limitation was the lack of information on how to use some platforms provided by the hospitals. Overall, 85% of the students (153/180) referred to difficulties in the use of electronic devices at the hospitals. 
Discussion
The data obtained here supports the notion of an extensive use of electronic devices in medical learning settings by students along the school years. Also, we observed a transition in its use from the basic sciences to the clinical courses. In the former, the students use One observation that caught our attention was the decrease of searches for clinical practice guidelines in more advanced students (fifth-year acting interns). A possible explanation could be the increased experience and knowledge acquired during the previous school years. A previous study (11) also reported that drug information searches, the use of medical calculators, and taking notes were among the main activities and reasons for using electronic devices. Besides, the authors observed a reduction in the consultation of these digital sources by students and residents, which could be associated with the generational learning gap of these technological devices. Although we did not evaluate the use of electronic devices by professors, we could also expect that these professors do not consult these digital sources as well, given the student-reported barrier (carried-out by the professors) to use these devices. However, future professors may reverse this situation as former medical students and active users of ICTs. Even though this was an exploratory study, medical students reported that the lack of authorization from teachers was a barrier to the exploitation of ICTs. The students referred that this limitation usually occurs during the direct attention of the patients, probably and appropriately to avoid the perception of a distant communication from students towards patients; on some occasions, it also occurred during class.
Extensive use of electronic devices is promoted as useful tools for both clinical learning activities and patient care support, especially in developed countries (16, 17) . The main goal for the use of ICTs is the immediate and accurate information with the aim of solving problems and doubts during the treatment of a patient. As a result, there has been a development of several applications or "apps" available for smartphones, tablets, or laptops to support information query and decision making by physicians. However, barriers to take advantage of these ICTs may come from the underutilization while teaching and performing clinical practice. In this regard, Boruff y Storie (11) reported that although the main impediment for accessing information is the absence of internet access in clinics and hospitals, ignorance of resources was the second barrier for its use. These authors also found that the lack of training could lead to unreliable information; therefore, they recommend access only to approved medical information. To address this issue, we consider that directed incorporation of ICTs supported by both institutions and professors would improve the usability of these resources as medical learning tools, the quality of patient care, and even counteract the ludic use of electronic devices, at least in medical settings. And again, even when this was an exploratory study, medical students reported that the lack of authorization from professors was a barrier to the exploitation of ICTs.
This could be the result of a negative perception of the use of electronic devices; instead of considering them as useful resources for learning and medical purposes. On many occasions, when the search for information is necessary and beneficial, its utility can overlap the lack of support or permission (17) .
In this study, we also found that the use of electronic devices was more frequent in the university campus, probably as a result of internet access availability, in contrast to the clinical or hospital areas, where students experienced difficulties in accessing the Internet or using their devices. However, connectivity failures at the university campus represent a technical barrier when network saturation occurs due to high demand. In addition, the lack of time was a personal barrier sometimes related as a reason for not using ICTs, even when the resource was available. Time was also reported previously as a substantial factor for not An important aspect of this survey is the recognition that information about new educational techniques based on the interaction of students with digital information sources is still scarce. Problem-based learning methods, as well as simulators or algorithms, through apps or programs, would allow both professors and students, to achieve meaningful learning of the medical topics. A recent study found great interest among students and professors to incorporate these tools for learning and teaching, respectively; however, its implementation was affected by the age and occupation of the professors, the scarce training in their use in addition to the institutional policy about its incorporation (8) .
The aim of this study was to explore the use of information and communication technologies during the training of medical students. We consider among its main strengths both the participation of all eligible medical students (100%) as well as its reliability since the information was anonymous and without repercussion in the qualification of the participants. However, we accept several limitations. The barriers reported by our students for the use of ICTs may not occur in other universities and clinical settings. We did not design the questionnaire to explore differences in the use of ICTs for learning purposes categorized by type of device (cell phone, tablet or laptop). We do not know if there are already medical programs in our country designed for the use of electronic devices and ICTs in teaching-learning processes. More studies are necessary for a detailed analysis, in particular, to explore the reasons from the professors to prohibit the use of ICTs, which may be detrimental to the student's performance if used for distracting non-learning purposes (18) , and if it is context-specific. For the moment, we believe that training in their use may improve the learning process of future physicians in the benefit of patient care.
Conclusions
Most medical students surveyed from a private medical school located in Mexico City own at least one electronic device and use them for learning purposes in both the university and clinical settings. During their career, the use of ICTs transit from theoretical information queries to the search for medical guides and articles, and finally, to medical calculators.
The main reported barriers to its use included accessibility to an internet connection (real or imposed) and time availability. The incorporation of these devices and medical applications as teaching-learning tools will depend on the consent of professors and the support from institutional programs and medical settings.
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